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1 Introduction
r

This bibliography is an update of a 1986 bibliography (McKenzie, E. Bibliography: Temporal Databases, ACM
SIGMOD Record, 15, No. 4, Dec. 1986, pp. 40-52), which was in turn an update of a 1982 survey (Bolour, A.,
T.L. Anderson, and H.K.T. Wong, The Role of Time in Information Processing: A Survey, SIGAri Newsletter,
80, April 1982, pp. 28-48) This bibliography consists of papers published or accepted for publication since the
previous bibliography, as well as older papers that have not appeared in these previous surveys.

The pre-1982 survey, covering 1960-1982, contained 16 papers specifically relating time to database manage-
ment, with 5 appearing in journals. The McKenzie bibliography, covering the next five years (1982-1986), listed
over 80 papers on this subject, with 10 appearing in journals. This bibliography, covering the next 21 months
(Jan. 1987 through September, 1988), lists over 100 papers, with 18 appearing in journals. During this period,
the first conference on the topic was held (TAIS: Conference on Temporal Aspects in Information Systrnms, May,
1987). Our conclusion is that the field is growing rapidly and seems to be maturing, as more papers appear in
journals (Figure 1 illustrates that the growth remains exponential).

CD
00 4.5

0

0 
xo LEGa'

1.8IA Yi 4J1

0.8

2.4

197"-1975 41976-1980 1985 1
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'The entries in this bibliography are classified according to a taxonomy of time ia datibases developed by
Snodgrass and Ahn (Temporal Databases, IEEE Computer, 19, No. 9, September, 986, :p. 35-42.) Papers
that propose augmenting conventional database management systems to represent tr sa.c12:a time (that is, the
time when information is entered into a database) are listed in Section 2. Papers chat Fropose augmenting
conventional database management systems to represent valid time (that is, the time thLat information models
in the real world) are listed in Section 3. Finally, papers that propose augmenting conventional databases with
both aspects of time are listed in Section 4. -

We apologize for omission or misclassification of papers. We thank Ed McKenzie for help in locating the papers
listed here. This research is supported in part by the Office of Naval Research, Contrart N00314-86-K-0680, and
by the National Science Foundation under Grant DCR-8402339.

2 Transaction Time

As defined above, transaction time concerns the time when data is entered into the databLe. Relations that
contain transaction time are termed rollback relations.

Abiteboul, S. and V. Vianu. Transactions and Integrity Constraints, in Proceedings of the ACM Symposium on
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Abiteboul, S. and V. Vianu. Deciding Properties of Transactional Schemas, in Proceedins of th.e A CM Symposium
on Principles of Database Systems. 1986, pp. 235-239.
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ceedings of the ACM Symposium on Principles of Database Systems. San Diego, CA.: _1sa. 1987.

Adiba, M.E. and N. Bui Quang. Dynamic Database Snapshots, Albums, and Movies, in Proceedings of the
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Barbic, F. and R. Maiocchi. Planning in Time, in Proceedings of the Conference on T.mpord Aspects in Infor-
mation Systems. AFCET. France: May 1987, pp. 147-165.

Bjork, L.A., Jr. Generalized Audit Trail Requirements and Concepts for Data Base Aplirat:ons. IBM Systems
Journal, 14, No. 3 (1975), pp. 229-245.

Blanken, H. and A. Ijbema. Language Concepts for Versioned Hierarchical Objects, in Proceedings of the Con-
ference on Temporal Aspects in Information Systems. AFCET. France: May 1987, pp. 1.¢-207.

Brodie, M. On Modelling Behavioral Semantics of Databases, in Proceedings of the Conference on Very Large
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York: Plenum Press, 1984. Vol. II. pp. 211-236.
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Base Applications. Information Systems, 6, No. 1 (1981), pp. 31-45.

Chou, H.-T. and W. Kim. A Unifying Framework for Version Control in a CAD Enrir.nvaenw. in Proceedings of
the Twelfth International Conference on VLDB. 1986.
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Proceedings of the Conference c-& Temporal A4spects in Information Systems. AFOEl?. France: May 1987,
pp. 61-81.

Dittrich, K.R. and R.A. Lonie. Versr.on Support for Engineering Database Systems. Technical Report P.3 4769.
IBM. July 1985.

Easton, M.C. Key-Sequence Data Srts on Indelible Storage. Research Report Ri 4778 (50637). IBM Research
Laboratory. July 1985.

Katz, R.H., M. Anwaruddin and E. Chang. A Version Server for Computer-Aided Design Data, in 23rd Design
Automation Conference Proceedings. ACM/IEEE. Las Vegas, NV: June 1986.

Kent, W. Versions of Versioning. Tozhnical Report. Hewlett-Packard Laboratories. 1987.

Kimball, K.A. The DATA System. Master's Thesis, University of Pennsylvania, 1978.

Kiahold, P., G. Schlageter and WV. Wilkes. A General Modelfor Version Management in Databases, in Proceedings
of the Twelfth International Conference on VLDB. 1986.
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Karlsruhe, FRG, 1982.

LePape, C. and S.F. Smith. Manage- est of Temporal Constraints for Factory Scheduling, in Proceedings of the
Conference on Temporal Aspects in Information Systems. AFOET. France: May 1987, pp. 165-177.
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Proceedings of A CM-SIGMIOD. .kssociation for Computing Machinery. Washington DC: May 1986.

Lingat, J.Y., P. Nobecourt and C. Rzclland. Behaviour Management in Database Applications, in Proceedings of
the Conference on Very Large Dzta&ases. Ed. P. Hamnmersley. Brighton, England: Sep. 1987, pp. 185-196.

Lipeck, U.W. and G. Saake. Mfonitoring Dynamic Integrity Constraints Aased on Temporul Logic. Information
Systems, 12, No. 3 (1987), pp. 2Z5-269.

McKenzie, E. and R. Snodgrass. Scheme Evolution and the Relational Algebra. Technical Report TR87-003.
Computer Science Department, University of North Carolina at Chapel Hill. May 1987.

McKenzie, E. and R. Snodgrass. Eteadimg the Relational Algebra to Support Transaction Time, in Proceedings of
A CM SIGMOD International Coifertece on Management of Data. Ed. U. Dayal and 1. Traiger. Association
for Computing Machinery. San F-ancisco, CA: May 1987, pp. 467-478.

Mueller, T. and D. Steinbauer. Eine 5prachschnittstele zur Version enkontrolle in CAM-Datanbanken, in-Inform-
atik-Fachberichte. Berlin: Springtr, 1963. pp. 76-95.

Navathe, S.B. and R. Ahmed. Tempevral Aspects of Version Management. Database Engineering, 7, No. 4, Dec.
1988, pp. 34-37.

Oberweis, A. and G. Lausen. On the Representation of Temporal Knowledge in Office Systems, in Proceedings of
the Conference on Temporal Aspfcts in Information Systems. AFOET. France: May 1987. pp. 131-146.
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Saake, G. and U.W. Lipeck. Foundations of Temporal Integrity Monitoring, in Temporal Aspects ii fuformation
Systems. Ed. C. Rolland, F. Bodart and M. Leonard. North-Holland, 1988. pp. 239-246.

Sarin, S.K., C.W. Kaufman and J.E. Somers. Using History Information to Process Delayed Database Updates,
in Proceedings of the Conference on Very Large Databases. Ed. Y. Kambayashi. Kyoto, Japan: Aug. 1986,
pp. 71-78.
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Weikum, G. Entwurfsueberlegungen fuer Einen Versionen-Manager zur Realisterung eines Ternporalen Daten.
banksystems. Technical Report DVSI-1983-A1. Darmstadt, FRG. 1983.

Zhenhe, G. and C. Kung. On Temporal Aspect of Database Specifications. Sci. Sin. A. Math. Phys. Astron.
Tech. Sci. (China), 30, No. 10, Oct. 1987, pp. 1102-12.

3 Valid Time

Valid time concerns the time when the information was valid in the real world. Relations that include valid time
are termed historical relations.

Adiba, M.E. and N. Bui Quang. Historical Multi-media Databases, in Proceedings of the Conference on Very
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puter Science, University of Illinois at Urbana-Champaign. 1986.
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Proceedings of the International Conference on Data Engineering. IEEE Computer Society. Los Angeles,
CA: IEEE Computer Society Press, Feb. 1987, pp. 528-537.

56



Clifford, J. and A. Rao. A Simple, General Structure for Temporal Domains. in Proceedings of the Conference
on Temporal Aspects in Information Systems. AFCET. France: May 1987, pp. 23-30.

Clifford, J. and A. Croker. Objects in Time. Database Engineering, 7, No. 4, Dec. 1988, pp. 11-18.
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pp. 53-76.
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System. Information Systems, 12, No. 1 (1987), pp. 29-47.
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Fiadeiro, J. and A. Sernadas. Behavioral Aspects of Intelligent Knowledge-based Information Systems, in Pro-
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mation Sciences, (1988).

Garnic, D.K., A.T. Cohen and H.K. Sowisral. Timestamping in Virtual Time Systems, in Proceedings of the
Conference on Temporal Aspects in Information Systems. AFCET. France: May 1987, pp. 225-239.

Jones, S. and P.J. Mason. Handling the Time Dimension in a Data Base, in Proceedings of the International
Conference on Data Bases. Ed. S.M. Deen and P. Hammersley. British Computer Society. University of
Aberdeen: Heyden, July 1980, pp. 65-83.

Lee, R.M. A Denotational Semantics for Administrative Databases, in Proceedings of the IFIP VG 2.6 Working
Conference on Data Semantics (DS.1). Ed. T.B. Steel and R. Meersman. IFIP. Hasselt. Belgium: Jan.
1985, pp. 83-120.

Lorentzoe, N.A. and R.G. Johnson. TRA: A Model for a Temporal Relational Algebra, in Temporal Aspects in
Information Systems. Ed. C. Rolland, F. Bodart and M. Leonard. North Holland, 1987, pp. 203-215.

Lorentzos, N.A. and R.G. Johnson. Extending Relational Algebra to Manipulate Temporal Data. Internal Report
NL/1/87. Department of Computer Science, Birkbeck College, London University. -Aug-. 1987.
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Intervals. PhD. Diss. Birkbeck College, London University, Aug. 1988.

Lorentzos, N.A. and R.G. Johnson. An Extension of the Relational Model to Support Generic Intervals, in
Advances in Database Technology - EDBT'88. Ed. J.W. Schmidt, S. Ceri and M. Missikoff. Springer-Verlag,
1988, pp. 528-542.
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Database Enginecing, 7, No. 4, Dec. 1988, pp. 26-33.
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Information Systems, 13, No. 3 (1988).

Lorentzos, N.A. and V.J. Kollias. The Handling of Depth and Time Intervals in Soil Information Systems. To
appear in Computers and Geosciences, (1988).
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Computer Science Department, University of North Carolina at Chapel Hill. Aug. 1987.
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Science Department, University of North Carolina at Chapel Hill. Oct. 1987.

Moens, M. Temporal Databases and Natural Language, in Proceedings of the Conference on Temporal Aspects in
Information Systems. AFCET. France: May 1987, pp. 177-191.

Navathe, S.B. and R. Ahmed. TSQL-A Language Interface for Hisdory Databases, in Proceedings of the Confer-
ence on Temporal Aspect., in Information Systems. AFCET. France: May 1987, pp. 113-128.

Navathe, S.B. and R. Amed. A Temporal Relational Model and a Query Language. To appear in Information
Sciences: An International Journal, (1988).

Sadeghi, R. A Database Query Language for Operations on Historical Data. PhD. Diss. Dundee College of
Technology, Dec. 1987.

Sadeghi, R., W.B. Samson and S.M. Deen. HQL - A Historical Query Language. Technical Report. Dundee
College of Technology. Sep. 1987.

Sarda, N.L. Modelling of Time and History Data in Database System.s, in Proceedings CIPS Congress 87 Winnipeg.
CIPS. May 1987, pp. 15-20.
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of International Conference on Information Systems. CIPS. Dec. 1987, pp. 86-96.
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and Computer Science, University of New Brunswick, Saint John, N. B. Canada. 1988.
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4 Both Transaction and Valid Time

Since transaction time and valid time are orthogonal aspects, it is possible to incelude both, resulting in a temporal
relation.
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Pennsylvania. February 1982.

Ariav, G. and J. Clifford. Tempoial Data Management: Models and Systems, in New Directions for Database
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